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Abstract: We have used the Rayleigh Power Spectrum 
Analysis of the solar neutrino flux data from 1) 5-day-
long samples from Super-Kamiokande-I detector during 
the period from June, 1996 to July, 2001; 2) 10 -day-long 
samples from the same detector during the same period 
and (3) 45-day long from the same detector during the 
same period. According to our analysis (1) gives 
periodicities around 0.25, 23.33, 33.75 and 42.75 months; 
(2) exhibits periodicities around 0.5, 1.0, 28.17, 40.67 and 
52.5 months and (3) shows periodicities around 16.5 and 
28.5 months. We have found almost similar periods in the 
solar flares, sunspot data, solar proton data (∈>10 Mev).  
 
Index Terms: Rayleigh Power Spectrum Analysis, 
Superkamiokande-I solar neutrino flux data, periodicity.  
I. INTRODUCTION 
olar neutrino flux detection is very important not only to 
understand the stellar evolution but also to understand the 
origin of the solar activity cycle. Recent solar neutrino 
flux observed by Super-Kamiokande [1] and SNO detectors 
[2] suggest that solar neutrino flux from 8B neutrino and 
3He+p neutrino from Standard Solar Model (S.S.M.) [3] is at 
best compatible with S.S.M. calculation if we consider the 
neutrino oscillation of M.S.W. [4] or if the neutrino flux from 
the sun is a mixture of two kinds of neutrino i.e. νe and νµ [5]. 
Standard Solar Model (S.S.M.) are known to yield the stellar 
structure to a very good degree of precision but the S.S.M. 
cannot explain the solar activity cycle, the reason being that 
this S.S.M. does not include temperature and magnetic 
variability of the solar core [6,7]. The temperature variability 
implied a variation of the energy source and from that source 
of energy magnetic field can be generated which also imply a 
magnetic variability [7]. The temperature variation is 
important for the time variation of the solar neutrino flux. So 
we need a perturbed solar model and it is outlined by 
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Raychaudhuri since 1971[6, 7], which may satisfy all the 
requirements of solar activity cycle with S.S.M.. For the 
support of perturbed solar model we have demonstrated that 
solar neutrino flux data are fractal in nature [8]. The excess 
nuclear energy from the perturbed nature of the solar model 
transformed into magnetic energy, gravitational energy and 
thermal energy etc. below the tachocline. The variable nature 
of magnetic energy induces dynamic action for the generation 
of solar magnetic field. 
 Recently Yoo et al. (2003)[9] searched the periodic 
modulations of the solar neutrino flux data of Super-
Kamiokande-I (S.K.-I) detector from 31 May 1996 to 15 July 
2001, almost half of the solar activity cycle, yielding a total 
detector life time of 1496 days. The solar neutrino data from 
S.K., acquired for 1871 elapsed days from the beginning of 
data are divided into roughly 10-day-long samples as listed in 
table I of Yoo et al. [9]. It is observed that not all of the data 
are perfectly of 10 days. They used Lomb periodogram 
method for unevenly arranged sample data to search for 
possible periodicities in the S.K.-I solar neutrino flux data. 
They have found no statistical significance of the periodicities 
in the S.K.-I solar neutrino flux data. However, Caldwell and 
Sturrock [10] used almost the same method i.e. Lomb-Scargle 
method of analysis and they have found a very interesting 
period of 13.75 days in the solar neutrino flux data of S.K.-I 
apart from other periods. Thus there arises a controversy 
regarding the periodicities of the solar neutrino flux data. 
Raychaudhuri [11] analysed the solar neutrino flux data of 
S.K.-I 45-days-sample data and have found 5 and 10 months 
period in the data and the same periods are also found in the 
37Cl, SAGE and GALLEX solar neutrino flux data. 5 months 
period is seen in many solar activities (e.g. solar flares, 
sunspot etc.) indicating a relation between solar internal 
activities and solar surface activities. 
 The purpose of the paper is to see whether the Super-
Kamiokande-I solar neutrino flux data is variable in nature or 
not. The observation of a variable nature of solar neutrino 
would provide significance to our understanding of solar 
internal dynamics and probably to the requirement of the 
modification of the Standard Solar Model i.e. a perturbed 
solar model. In this paper we shall study the solar neutrino 
flux data from 5-days-sample data, 10-days sample data and 
45-days-sample data during the period from 31 May 1996 to 
15 July 2001. We shall first study whether the data samples 
given by S.K.-I collaborators are random in nature or not. If 
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they are random then there may not be the possibility of any 
distribution of the data or any periodicities in the data of 
S.K.-I. If the data are non-random in nature then there is a 
possibility of periodicity in the S.K.-I data. 
II. STATISTICAL TEST OF RANDOMNESS 
It is observed that S.K.-I solar neutrino flux data from 31 May 
1996 to 15 July 2001 for 5-days, 10-days and 45-days data 
samples have large statistical errors from 15% to almost 30%. 
It is very difficult to evaluate precisely the statistical analysis 
of all the data. Without filtering we first evaluate the 
randomness of the data [12] from where Caldwell and 
Sturrock [10] confirmed their periodicities and Yoo et al. [9] 
have not found the periodicities in the S.K.-I data. We use the 
run test for the evaluation of data without filtering. 
 We have found that 5-days, 10-days and 45-days data of 
S.K.-I are random in nature while 30-days data evaluated 
from the 45-days data are not random. It is expected that 30-
days data may have a period and we have found 5-months 
period with 99% confidence level. 
 It is already mentioned that original data of S.K.-I have 
errors 15% to 30%. So, it is necessary to smooth the data by 
filtering. The simplest filtering is the moving average method. 
So, we use 3 point moving average of the 5-days, 10-days and 
45-days data of S.K.-I. 
 After making the moving average we have seen that all the 
data are non-random in nature and so the moving average data 
must follow a distribution. Hence the obtained moving 
average data can be satisfactorily used for the analysis of 
periodicity following the methods of Rayleigh Power 
Spectrum [13]. 
 
III. RAYLEIGH POWER SPECTRUM ANALYSIS 
Suppose we want to determine whether n events with angular 
YDOXHV RI ^1 2 3 « n} are uniformly distributed in 
angle. We can represent each event as a unit vector       
:AA       ^        ^ 
ui FRVi.. ex  VLQi.. ey    where ex and ey are  unit vectors 
parallel to the x-axis and the y-axis respectively. The vector 
sum of these unit vectors is given by   [13] 
 :Q    ^    n        ^ 
 U=FRVi..ex+VLQi..ey                                                    (1) 
      i=1            i=1 
  The magnitude of this vector divided by the number of 
events [13] 
                 n                n               
R=(1/n)[(FRVi.)2+(VLQi)2]1/2                                         (2) 
                i=1            i=1 
indicates the uniformity of the distribution. If the events are 
uniformly distributed R is very close to zero. If on the other 
hand the events are concentrated around a certain angle,   
                                                                                                   
: 
R is close to unity. The direction angle of the vector U shows 
the angle around which the events are concentrated. Bai and 
Cliver [13] defined the quantity Z as  
                  
                        n                n 
Z=nR2=(1/n)[(FRVi.)2+(VLQi)2]                                    (3) 
                       i=1             i=1 
for randomly distributed events and the distribution of Z 
follows [14] P(Z>K)=exp(-K).They obtained the “Rayleigh 
3RZHU6SHFWUXP´=E\VHWWLQJi Wi7 i, where {ti} 
is a set of event occurrence times and T is a variable period 
[15]. 
     It is to be noted that Bai and Cliver [13] did not consider 
the observed data of occurrence. They just considered the set 
of time of occurrence. Here we have modified the idea of Bai 
and Cliver [13] where we have considered the observed data 
as well as the set of time of occurrence. Here we have 
modified each event as a vector of modulus x(ti) instead of a 
unit vector considered by Bai and Cliver [13] as 
:    ^                          ^              
ui=   x(ti). FRVi.. ex   + x(tiVLQi.. ey    and the vector sum of 
these vectors is given by 
 
:Q  ^   n                ^ 
 U=[WiFRVi..ex+[WiVLQi..ey                                         (4) 
     i=1                   i=1 
Again the magnitude of this vector divided by the number of 
events is given by 
               n                      n               
R=(1/n)[([WiFRVi.)2+([WiVLQi)2]1/2                             (5) 
             i=1                   i=1 
 
Here the quantity Z is defined as 
 
                         n                       n 
Z=nR2=(1/n)[([WiFRVi.)2+([WiVLQi)2]                        (6) 
                        i=1                   i=1 
 We finally tabulate the considered T’s and corresponding Z’s 
for ultimate analysis. The values of T, which give significant 
peaks for Z, are considered to be the probable periods. 
 
 
 
 
IV. RESULTS 
 
Data Periods (in months) obtained 
by Rayleigh Power Spectrum 
Analysis 
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(1) 5-day-long samples 
from Super-
Kamiokande-I detector 
during the period from 
June 1996 to July 2001. 
0.25, 23.33, 33.75, 42.75. 
(2) 10-day-long samples 
from Super-
Kamiokande-I detector 
during the period from 
June 1996 to July 2001. 
0.5, 1.0, 28.17, 40.67, 52.5. 
(3) 45-day-long samples 
from Super-
Kamiokande-I detector 
during the period from 
June 1996 to July 2001. 
16.5, 28.5. 
 
 
 
FIG .1: ANALYSIS OF 5-DAYS LONG SUPERKAMIOKANDE-I SO LAR NEUTRINO FLUX DATA BY 
RAYLEIGH POWER SPECTRUM ANALYSIS
0
20 00
40 00
60 00
80 00
10 000
12 000
0 10 20 30 40 50 60 70
T(MO NTH S)
Z
 
FIG .2: ANALYSIS OF 10-DAYS LO NG  SUPERKAM IO KANDE-I SO LAR NEUTRINO  FLUX DATA 
BY RAYLEIGH POW ER SPECTRUM ANALYSIS
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FIG.3:  AN ALYSIS OF 45-DAYS LONG SU PERKAMIOKANDE -I SOLAR NEU TRINO FLU X DATA 
BY RAYLEIGH POWER SPEC TR UM ANALYSIS
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      V.   DISCUSSION 
 
 The observed period of 0.5 months in (2) is not appreciably 
different from the period of 13.75 days (at the frequency 
26.57 y−1) obtained by Caldwell and Sturrock [10] and the 
period of 13.76 days obtained by Yoo et al [9]. Moreover the 
obtained period of 0.25 months in (1) is significantly similar 
with the period of 0.21 months obtained for the same data by 
Ferraz-Mello method [16] and the period of 0.22 months 
obtained by Periodogram method [16]. The obtained period 
of 23.33 months in (1) is more or less similar with the period 
of 22.48 months obtained for the same data by Ferraz-Mello 
method [16] and the period of 24.02 months obtained by 
Periodogram method [16]. The obtained period of 33.75 
months in (1) is almost similar with the period of 33.50 
months obtained for the same data by Ferraz-Mello method 
[16]. The obtained period of 42.75 months in (1) falls very 
near to the period of 40.73 months obtained for the same data 
by Periodogram method [16]. The obtained period of 0.5 
months in (2) is more or less similar with the period of 0.45 
months obtained for the same data by Ferraz-Mello method 
[16] and the period of 0.39 months obtained by Periodogram 
method [16]. The obtained period of 1.0 month in (2) is 
almost similar with the period of 1.31 months obtained for the 
same data by Ferraz-Mello method [16]. The obtained period 
of 28.17 months in (2) is almost similar with the period of 
32.99 months obtained for the same data by Ferraz-Mello 
method [16] and the period of 24.54 months obtained by 
Periodogram method [16]. The obtained period of 40.67 
months in (2) is significantly similar with the period of 41.69 
months obtained by Periodogram method [16]. The obtained 
period of 16.5 months in (3) is almost similar with the period 
of 14.01 months obtained for the same data by Ferraz-Mello 
method [16]. The obtained period of 28.5 months in (3) is 
more or less similar with the period of 32.50 months obtained 
for the same data by Ferraz-Mello method [16] and the period 
of 24.06 months obtained by Periodogram method [16]. 
VI. REFERENCES 
[1]  Y. Fukuda et al., Phys. Rev. Lett. Vol. 81, p. 1158, 1998. 
[2]  Q.R. Ahmad et al., Phys. Rev. Lett. Vol. 89, p. 011302, 2002. 
[3]      J.N. Bahcall and M.H. Pinsonneault, Rev. Mod. Phys. Vol.  67, p. 
781, 1995. 
[4]   S.P. Mikheyev and A. Yu Smirnov, Progress in Particle and Nuclear 
Physics. Vol. 23, p. 41, 1989. 
[5]    P. Raychaudhuri, Proc. 28th I.C.R.C., vol. HE 2.4, p. 1395, 2003 
(Tsukuba, Japan). 
[6]       P. Raychaudhuri, Astrophys. Sp. Sci. vol. 13, p. 231, 1971. 
[7]       P. Raychaudhuri, Astrophys. Sp.Sci. vol. 18, p. 425, 1972. 
[8]     P. Raychaudhuri, K. Ghosh, Proc. IUGG GAIV, vol. 01/30P/A11-004, 
p.  A.325, 2003 (Sapporo, Japan). 
[9]      J. Yoo et al., Phys. Rev. vol. D68, p. 092002, 2003. 
[10]   D.O.Caldwell and P.A. Sturrock, arXiv: hep-ph/0309191 V3 21, May, 
2004. 
[11]    P. Raychaudhuri, Proc. 28th I.C.R.C. vol. HE 2.4, p. 1391, 2003. 
[12]  S. Seigel and N.J. Castelman, Jr., Nonparametric statistics for the 
Behavioral Sciences, 2nd Edition, Mc-Graw Hill, 1988. 
[13]     T. Bai and E.W. Cliver, Ap. J., vol. 363, p. 299, 1990. 
[14]    K.V. Mardia, Statistics of Directional Data (New York: Academic), 
1972. 
[15]  W. Droge, K. Gibbs, J. M. Grunsfeld, P. Meyer, B. J. Newport, P. 
Evenson and D. Moses, Ap. J. Suppl., vol. 355, p. 279, 1990. 
[16]  P. Raychaudhuri, K. Ghosh and A.S. Mandal, Proceedings of the 
International Cosmic Ray Conference 2005 [ICRC2005] ( held during the 
period 3-10 August, 2005 at the University of Pune, Pune, India) vol. HE22 , 
2005. 
 
